Exactly in November 2006 (GPS week 1400), the IGS analysis centers switched from using relative to absolute corrections. At the same time, also the EUREF analysis centers made this switch. Many research groups have evaluated the influence of the usage of relative PCC with respect to absolute PCC on the EPN site coordinates. The authors demonstrated the significant influences of the conversion from relative to absolute PCC. Maximum changes in height of about 30 mm occurred at some sites. The impact of switching from the type-mean to individual calibration model was also analyzed but so far in GPS-only mode. In the paper, the authors compared station positions estimated using GLONASS-only observations when type-mean and individual calibration models were applied. The impact of switching between these models was investigated using one year of observations collected at eight selected ASG-EUPOS station. Post-processing was done using PPP technique in daily observation mode and in pseudo-kinematic mode (15 minutes session). The authors demonstrated that the position offsets in daily observation resulting from the use of individual calibrations instead of type mean igs08.atx calibrations could reach up to 0.5 cm in the up component, while in the horizontal, the offsets generally stayed below 0.1 cm. In pseudokinematic mode the authors obtained up to 1.0 cm in the up component and 0.5 cm in the horizontal components respectively. It is also demonstrated that the differences in the calibrations models propagate directly into the position domain, affecting daily and sub-daily results and giving visible variations and systematic jumps. To detect the periodicity in our results spectral analysis was used. The LombScargle spectrum calculated for the data revealed that there are strong periodic signals in pseudokinematic results and there is also some periodicity in daily results.
approach assumes that the PCCs of antennas of the same type can all be represented with sufficient accuracy by these type-mean calibrations.
In addition to the type-mean calibrations, currently the EPN uses the individual antenna calibrations, which refer to a specific antenna/radome type and antenna serial number. The antenna calibration file, which was used within the EPN, contains these individual antenna calibrations and also, for some antennas, the type-mean calibrations. So currently, one can distinguish between two types of absolute calibration tables: the individual calibration and the type-mean calibration. In the individual calibration one specific antenna is calibrated in several sets. Then different calibrations results from several sessions are combined to one unique file. In the type-mean calibration several antennas are calibrated in several sets. Then calibrations of several individual antennas of the same kind are combined to one unique file. For an antenna, where one has no individual calibration, the first approximation is a type-mean. If more accurate data
INTRODUCTION
The absolute elevation and azimuth-dependent phase center corrections (PCCs) obtained using anechoic chambers or a robot were introduced in November 2006 to replace pure elevation-dependent receiver antenna PCCs based on relative field calibrations (Wübenna et al., 1996; Rothacher, 2001; Gӧrres et al., 2006) . Currently, absolute PCCs are routinely used in both the International GNSS Service (IGS) and the EUREF Permanent Network (EPN) (Baire et al., 2011 (Baire et al., , 2013 Bruyninx et al., 2012) . On the 17 th April 2011, the IGS and the EPN updated antenna calibration models from igs05.atx to igs08.atx. Rebischung et al. (2011) demonstrated with GPS-only solutions that the updated receiver antenna PCCs caused noticeable position offsets within the IGS network.
The absolute receiver antenna calibrations tables initially used within the IGS and EPN are means of the available individual robot calibrations for a specific antenna type. This type of calibration is indicated as antenna type-mean calibrations. This technique, position is determined by means of a single GNSS receiver using undifferenced observations and measurement corrections. The corrections are derived from the GNSS data that are recorded at numerous global ground-based stations and employed to implement absolute and accurate positioning at only one single station without any synchronous GNSS observations from the base stations.
The advances in GNSS processing techniques in recent years as well as the improvement of the applied models have resulted in the significant reduction of background noise both in the satellite products and in station position time-series. These improvements motivated more detailed studies on geophysical processes. Continuous GNSS observations are permanently used in geodynamic studies. In such research, precise GNSS error modeling is very important. So far, the impact of switching from the type-mean to individual calibration model has been investigated e.g. in Baire et al. (2013) , Sidorov and Teferle (2013) . These studies have focused, however, on processing GPS-only observation.
To detect the periodicity in the authors' results the Lomb-Scargle spectrum was calculated. The Lomb-Scargle periodogram is an algorithm that specifically generates a Fourier spectrum for the instance where data are not uniformly spaced. As it is known, such situation occurs quite often in GNSS permanent observations. Unlike a traditional FFT, there is no zero frequency channel (Scargle, 1982; Townsend, 2010) .
In the paper, the authors investigated the impact of the updated receiver antenna PCCs on eight selected ASG-EUPOS stations. In the analysis, the authors used GLONASS-only observations. They performed the post-processing using daily and subdaily (15 minutes) observations. The period covered one year of observations collected since December 2013 to November 2014 (daily post-processing). In pseudo-kinematic mode, the authors used data set gathered in December 2013. Some details of the observations are presented in the following section. The adjustment of data is based on the NAvigation Package for Earth Observation Satellites (NAPEOS) software (Springer, 2009 ) using PPP technique.
The analysis allows a better understanding of how receiver antenna calibration models contribute to GNSS positioning error budget and to GNSS position time-series.
METHODOLOGY
This study will focus on the effect of switching between PCC models on the station positions estimation. The authors used the type-mean calibration model, which can be considered the first approximation of PCC and the individual calibration model. The authors investigated how the deficiencies in the modeling of antenna phase centers variations contributed to the early mentioned periodic signals in GNSS position time-series. are needed for this specific antenna, an individual calibration is recommended. The drawback of the type-mean is that the results are much noisier than for individual calibrations (Seeber et al., 1997; Menge et al., 1998; Rothacher, 2001; Schmid et al., 2005; Zeimetz and Kuhlman, 2008) .
The antenna calibration for GLONASS signals differs in comparison to GPS because of the different frequencies of individual GLONASSS satellites. The robot estimated absolute phase center variations (PCV) for L1 and L2 are a mixture of observed GLONASS frequencies, visible during the time calibration. For this reason, the calibration results are satellite constellation dependent and are not as accurate as for GPS (Wübbena et al., 2006) .
Nevertheless, the mixture of the observed GLONASS frequencies are used for calibration and this method allows frequency-dependent GLONASS PCV to be determined. The fundamental assumption of this concept is the linearity of PCV changes for GPS/GLONASS and GLONASS/GLO-NASS frequencies. This assumption is justified from the frequency ranges and is in accordance with the results from chamber calibrations (Schupler and Clark, 2001) . In this approach the so-called Delta PCVs for the GLONASS signals are computed firstly based on the reference signals L1 and L2 from GPS (with the unit meter per 25.0 MHz). The Delta PCVs are then multiplied by the frequency difference between GLONASS and GPS and added to GPS PCVs. This procedure obtains GLONASS PCVs for any channel number k. A detailed description of this method can be found e.g. in (Wübbena et al., 2006) . Alternatively, GPS PCC can be used for the correction of GLONASS PCV due to a lack of better information.
Most studies which concern the impact of PCC model on positioning are based on network solutions (e.g. Vӧlksen, 2006; Khoda and Bruyninx, 2007; Chatazinikos et al., 2009; Dawidowicz, 2013; Dawidowicz et al., 2015) . Recently, the Precise Point Positioning (PPP) technique has also been used in such analyzes. PPP is a stand-alone positioning technique using undifferenced dual-frequency code and phase observations (Kouba and Héroux, 2000; Shen, 2002; El-Mowafy, 2009 ). During the past decades, the development in the processing strategy for Global Navigation Satellite System measurements gave the possibility to obtain highly accurate satellite orbits, satellite clocks, and Earth rotation parameters (ERP). The International GNSS Service routinely generates these products, which are the basis for the development of Precise Point Positioning.
Differential GNSS (DGNSS) positioning methods require an access to the observations of one or more reference stations with known coordinates (Grinter and Roberts, 2011) . The PPP technique has an advantage over differential methods in that only a single receiver is necessary (Zumberge et al., 1997; Geng et al., 2010; Rizos et al., 2012) . In this
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301 Fig. 1 Localization of the Polish GNSS stations chosen for analysis. In the analysis, the authors used GLONASS observation from eight selected ASG-EUPOS station (Fig. 1) . The ASG-EUPOS is the multifunctional precise satellite positioning system established by the Head Office of Geodesy and Cartography in 2008 (Bosy et al., 2005; Figurski et al., 2009 Figurski et al., , 2010 Kadaj, 2010; Bogusz et al., 2011) . It consists of 49 Polish sites with GPS-only module, 53 Polish sites with GPS/GLONASS module and three foreign sites with GPS-only module and 20 foreign sites with GPS/GLONASS module (state for October 2015).
The current trend in EPN is to replace the type mean calibrations tables with the individual antenna calibrations, which refers to a specific antenna/radome type and antenna serial number. This trend is also visible in ASG-EUPOS network. Nowadays, (October 2015) 21 of 125 ASG-EUPOS stations are equipped with antenna having individual calibration (including 15 stations belonging to the EPN network). Currently, intense efforts aimed at introducing all antennas with individual calibration are performed.
In this study, the authors used individual calibrations from Geo++, University of Hannover (Institut für Erdmessung, IfE) and the state survey authorities of Berlin (SenStadt Berlin). Table 1 presents institutions providing PCC for antennas used in our investigation (Fig. 1) . (Seeber et al., 1997; Seeber and Böder, 2002) . In this study, the authors also used the typemean calibrations distributed by the IGS. The typemean values are provided to the IGS by calibration facilities (mostly by Geo++) together with information on the number of individual calibrations and the number of different antenna/ radome pairs used to compute the mean. The information is contained in ANTEX files (e.g. igs05.atx, igs08.atx)
On 17 th April 2011, the IGS adopted an IGSspecific realization of the ITRF2008, called IGS08, together with an updated antenna phase center model called igs08.atx. Major changes of igs08.atx with respect to igs05.atx were described in Schmid (2011) . These include:
• satellite antenna z-offsets from igs08.atx are consistent with IGS08, whereas those from As is well known PPP is characterized by the long convergence time (about 20 minutes or more) necessary for the ambiguity float solution. To be certain that the obtained differences, in our sub-daily analysis, are due to the change in antenna models, only converged solutions should be analyzed. To do this, The NAPEOS software was set up to not generate the results for the whole day if any of the 15 min session is divergent. Fortunately, there were no such cases for analyzed data, so we can be sure that there are no 'divergent solutions' in our results.
In the computations, a standard processing strategy was used with general weighted least squares parameter estimation method. First of all, the European Space Agency (ESA) precise orbit and clock information were applied. As data zerodifference GLONASS code and phase observations were used with 30 sec. sampling interval. Additionally 10° elevation mask was adopted with elevation dependent weighting function (1/cos(z)). These parameters were selected because we try to compare station positions estimated using GLONASS-only observations when type-mean and individual calibration models were applied in typical postprocessing scenario. In this case, usually, elevation dependent weighting and 10° elevation mask are used. A priori zenith path delays (ZPDs) were computed with formula of Saastamoinen (Saastamoinen, 1972) using Global Pressure and Temperature (GPT) model (Boehm et al., 2007) ; ZPDs were mapped into slant delays using hydrostatic Global Mapping Function (GMF) (Boehm et al., 2006) . The a priori model was corrected during the parameter estimation. Estimation of zenith delay corrections will be made at 1-hour intervals for each station. The parameters were estimated in resolving the normal equations using the method of least squares (Springer, 2009; Leick et al., 2015) . First-order Ionosphere effect was eliminated by forming ionosphere-free linear combination; higherorder effects were not corrected. The computations were based on the float ambiguity solution.
NAPEOS strictly follows the International Celestial Reference Frame (IERS) convention and igs05.atx were approximately consistent with IGS05,
• improved redundancy of satellite antenna zoffsets,
• preliminary block-specific z-offsets for satellites launched since the release of igs05.atx replaced by satellite-specific estimates,
• increased maximum nadir angle for GLONASS satellite antenna phase center variations (15i nstead of 14˚),
• availability of information on historical (GPS Block I and GLONASS) satellites,
• availability of GLONASS-specific receiver antenna corrections from robot calibrations,
• additional and updated robot calibrations,
• conversion of relative receiver antenna corrections with updated AOAD/M_T values.
The continuous GLONASS observations from eight Polish Ground-Based Augmentation Systems (ASG-EUPOS) with two different strategies were analyzed. Within the first one, 15 min observation windows were post-processing for investigation of the short-period oscillations (1 month of observation). The second was the daily solution using one year of observations. Table 2 contains some detailed information about the points used in this study.
The post-processing was done using the NAPEOS ver. 3.3.1. The authors performed two PPP runs, maintaining all processing options identical, except the antenna/radome calibrations model:
• a run using the type mean PCC (igs08.atx),
• a run using the individual PCC.
Finally, the differences between the results of these two post-processing were calculated. Because all error sources may be considered identical in both PPP runs, differences in the final solutions are only affected by variations in the antenna/radome calibrations. For the selected station and installed antenna/radome pair, the differences between the daily and sub-daily positions obtained using two PPP observations post-processing provide the position
303 been reported at some continuously operating stations after installing the new GNSS receivers and antennas (Wanninger, 2011) . These jumps may suggest that the absolute type-mean calibrations values, which are used today, are not optimal. To estimate the magnitude of inaccuracies in type-mean antenna calibration results the authors analyzed differences between type-mean and individual PCC for chosen stations.
In calibration results, the authors can distinguish:
• North, East, Up PCO for L1 and L2 frequency,
• Elevation-only dependent PCV (for L1 and L2 frequency),
• Elevation and azimuth dependent PCV (for L1 and L2 frequency). Generally PCO and PCV values are necessary for the PCC calculation i.e., difference between the actual antenna phase centers of an individual measurement with respect to the antenna reference point (ARP).
Tables 3 and 4 present the offsets obtained using individual and type-mean (igs08.atx) calibration procedures.
The offsets differences were visible for the horizontal as well as for the up components. The horizontal (North, East) offsets differences are generally below 0.5 mm. However, there were some exceptions: for North component at KOSC and used the IAU2000 transformation routines. Ocean loading values are obtained from the ocean loading service. Currently NAPEOS used the FES2004 with center of mass corrections (CMCs) (Scherneck, 1991; Blewitt, 2003) . The tidal variations due to the Earth's rotations are fully implemented using the IERS subroutine (Springer, 2009) .
In this study, GLONASS-only observations were processed and GLONASS specific PCC values were used to correct GLONASS observations. Furthermore, it should be noted that so far there is no type-mean calibration results for TRM57971.00 TZGD antenna. In this case, the authors used typemean calibration results for TRM57971.00 NONE antenna as recommended.
At the start, however, the authors analyzed differences between type-mean and individual PCV for chosen stations. These comparisons were made independently for L1 and L2 frequency. The PCVs were converted to a common phase center offset (PCO), obtained via type-mean calibration and then differences between PCVs were calculated and displayed (Kersten and Schön, 2014) .
ANALYSIS OF ANTENNAS PCC DIFFERENCES
The switch from type-mean (igs08.atx) to individual calibration tables was evaluated using eight selected Polish ASG-EUPOS stations. From the literature it is know that important height jumps have the antenna is unavailable. In the analysis, the authors used elevation and azimuth dependent PCC. Figures 2 and 3 present individual versus type-mean PCV differences. Analyzing PCV differences for L1 frequency (Fig. 2) , it can be observed that generally the influence of calibration type on calibration tables for selected for the test antennas has a magnitude of about 2-2.5 mm in low elevations. For higher elevation, obviously the differences decrease to zero. Additionally, it can be observed that for LEICA antennas (KOSC, STRG and POZN stations) differences are generally elevation dependent and for some TRIMBLE antennas (e.g. LODZ, USDL stations) differences are also strongly azimuth dependent.
WROC stations, for East component at POZN and WROC stations. For Up component the differences were significantly larger and for three stations (LODZ, KOSC, STRG) reach 2 or more millimeters.
While analyzing L2 frequency, it was observed that there were more stations where differences exceed 0.5 mm. For North component four such stations were found and for East component -three. For Up component the maximum difference reached up to 5 mm (KOSC and STRG station -LEIAR20 LEIM antenna). There were also two stations (LODZ and POZN) where this difference reached 2 mm.
The elevation dependent PCC was computed using elevation dependent spherical harmonic (expansion of degree 8 and order 0). The elevation dependent corrections are often applied in kinematic applications where the knowledge of the orientation of
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Fig. 3 GLONASS L2 frequency PCV differences between typemean and individual calibration.
SUB-DAILY RESULT ANALYSIS
The effect of switching from type-mean (igs08.atx) to individual calibration tables was evaluated using observation from eight selected Polish ASG-EUPOS stations. In sub-daily mode, the period covered one month of observations made in December 2013. Post-processing was done using the method described in ''Methodology'' section. In this section the authors analyzed the differences in North, East, Up components caused by switch from type-mean to individual calibration tables. Results are presented in Figure 4 . For readability of the graphs, the results of only the first seven days are presented.
By analyzing the results presented in Figure 4 , it is visible that the differences in all three position component have visible periodicity. The differences reveal the following: Figure 3 presents PCV differences for L2 frequency. It was found that the influence of calibration type on calibration results is bigger for that frequency and reaches up to 3-4 mm in low elevations. As it was previously mentioned, it can be also observed that for LEICA antennas differences are generally elevation dependent and for TRIMBLE antennas differences are also strongly azimuth dependent.
Generally, for all antennas differences between type-mean and individual calibration tables were observed. These differences can be treated as inaccuracies in type-mean PCC. In the next section, the authors analyze how these differences influence the position time series. differences were clearly elevation and azimuth dependent) these offsets change up to 10 mm. By analyzing the results presented in Figure 4 , it is visible also that at some sites (e.g. KOSC, POZN, WROC) the unexpected artifacts/outliers occurred. Detailed analysis of the observation files and postprocessing results show that, during the period of these incidental residuals, some gaps in data occurred. In our opinion, these gaps made more difficult the process of convergence the PPP solution which resulted in a lower precision of the solution. Furthermore, it is currently under investigation, that effects are able to move from one estimated parameter to the other. The parameters like troposphere, ambiguities or receiver clock estimates obtained from the interrupted sessions may have an incidental impact on the observed artifacts. These outliers were removed during the periodicity analysis. Table 5 presents a summary of North, East, Up differences caused by the use of different calibration models in post-processing, i.e. maximum, minimum and average value of the obtained difference for all stations.
• the presented stations exhibit periodic biases up to 10 mm,
• differences experience rapid changes within short time periods,
• variations in differences have periods close to 8 hours. For GPS signals, as the authors discovered in Sidorov and Teferle, 2013, these variations have periods about 12 hours, which agree with the orbital period of the GPS satellites. In the case of GLONASS satellites, the discovered periodicity does not correspond to the orbital period of the GLONASS satellites (11 hours 15 minutes). The three cycles per day period may be associated with three orbital planes in GLONASS. The strong 8h periodicity in GLONASS position dilution of precision (PDOP) time series was found, e.g. in Meindl (2011) , however calculated from incomplete GLONASS constellation.
The authors also observed that position offsets in the height component are clearly bigger than for horizontal components. For LODZ, KATO, SOCH, WROC stations (with TRIMBLE antenna, where PCC
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307 Considering the fact that if the power of LombScargle spectrum is bigger than 20-30, the periodicity is definitely real and strong periodic signals can be identified (Table 7) .
The obtained results confirm the earlier observation that variations in differences in all stations have periods close to 8 hours. This is true for all stations and all position components. The only exception is POZN Up, where periodic signals are identified at 2.00 cpd frequency. However, it is visible in Figure 6 that there is also some periodicity (power about 10) at 3 cpd frequency.
To prove the periodic signals related to the satellite geometry, calculation of Lomb-Scargle spectrum for the geometric dilution of precision (GDOP) data was performed (Fig. 6) . Because the antenna PCVs are azimuth and elevation dependent, the differences between solutions with absolute and type mean PCO and PCV should result with periodic position differences related to the satellite geometry change. However, it is possible that with full GLONASS constellation the DOP coefficients will not show the satellite geometry changes -the effect will be averaged. For this reason the calculation of mean differences of PCC (dPCC) in all measurements epoch were also performed and analyzed using LombScargle periodogram. The mean dPCC, calculated using all available satellites in each single epoch, are also satellite geometry dependent but less sensitive to averaging. These calculations were performed for L1 frequency phase center corrections (L1 dPCC) as well as for iono-free linear combination phase center corrections (L3 dPCC) and presented in Figure 6 . Figure 6 presents the results concerning the power of detected periodic signals in cycles per day (cpd), for all analyzed stations. As was suspected, there was no periodicity found for the GDOP coefficient, which generally was very stable for all stations and reached value from 2 to 3. In full GLONASS constellation the effect of satellite geometry in DOP coefficients is averaged and is not visible.
The maximum range of differences in the North component for station SOCH (from 22.6 to -5.9 mm), in the East component for station WROC (from 21.5 to -28.3 mm) and in the Up component for station SOCH (from 30.6 to -18.6 mm) were obtained respectively.
By analyzing average differences obtained for the same antenna type, it is visible that the size of the obtained variations differs, which may be related to the size of the imperfections for a particular antenna/radome model. It was also observed that for two stations with LEIAR20 LEIM antenna (KOSC, STRG), where the biggest PCO differences occurred, the average North, East, Up differences are rather small in comparison to other station. This may suggest that PCO values are not the dominant factor causing the observed differences.
The effect of the variance of differences for SOCH and WROC stations is also visible in Table 6 , where standard deviation is presented. For these two stations, as well as for LODZ station, the highest values were clearly obtained. A calculation of Lomb-Scargle spectrum for the data was performed (Scargle 1982 , Townsend 2010 ). This type of periodogram is used for frequency/period analysis of data that is not collected at a regular time interval nor has missing data. As it is known, such situation occurs quite often in GNSS permanent observations. Figure 5 presents the results concerning Additional analysis of satellite visibility diagrams show that the satellite constellation above the measured points indeed was changed. There were some periods when almost all satellites at medium elevations were observed and periods when satellites were observed on low and high elevations only.
On the other hand there was found strong periodicity for L1 and L3 mean dPCC data. Generally the discovered frequency equals 3, 6, 9 and 12 cpd. These results prove that periodicity visible in the differences in all three position component are GLONASS constellation dependent.
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Fig. 6
Lomb-Scargle periodograms for GDOP, L1 mean dPCC and L3 mean dPCC data.
Generally, this indicates that all antennas of the same type cannot necessarily be represented confidently by a unique type-mean calibration. For UP component clear changes in time series differences are visible for almost all stations. However, it is difficult to identify the period of their occurrence.
Similarly as for sub-daily results there are also sites (e.g. POZN, WROC) where some outliers occurred. As previously, detailed analysis show that, during the period of these incidental residuals, some gaps in data occurred. Analyzing WROC station we found that on some days where such incidental residuals occurred, almost half of the observations were missing (due to gaps or observation rejections during post-processing). In this case also, all the outliers were removed during periodicity analysis using Lomb-Scargle periodogram. Table 8 presents a summary of North, East, Up differences caused by the use of different calibration models in post-processing, i.e. maximum, minimum and average value of the obtained difference for all stations.
DAILY RESULT ANALYSIS
Each daily RINEX data set was also postprocessed once using the igs08.atx model and once using the individual calibration models. ResultsNorth, East and Up differences are presented in Figure 7 .
By analyzing results presented in Figure 7 , it is visible that for the horizontal components the position offsets induced by the differences between both individual calibrations are below 1 mm. For most stations, the periods where some jumps occurred can be observed. This is visible especially for LODZ, KOSC and WROC where the observed changes achieve the greatest value.
The bigger differences can be seen for the Up component. These differences range from -3 to 5 mm depending on a station. It was found that for points with the same type of antenna the difference also significantly differs, e.g. LODZ and USDL stations or KATO and SOCH stations. These differences in results may be caused by differences visible in typemean and individual PCC. However, they also may be caused by the impact of so-called near-field effect, which can vary for different antenna localization. Table 9 where standard deviation is presented. The variance in WROC station results can be caused by the impact of near-field effect, which can be significant for this antenna localization. It can be also antenna type dependent.
Changing the calibration models in the postprocessing from type-mean to individual affects mostly the Up component. Generally, the estimated position offsets range from -0.3 to 0.6 mm in the North, from -0.4 to 0.9 mm in the East and -2.6 to 5.4 mm in the Up components. For WROC station, the maximum difference exceeds 2 mm in horizontal
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311 Considering the good "rule of thumb" for interpreting Lomb-Scargle power, i.e.: power < 6 -most likely not real, 6 < power < 10 -may be real but probably not, It was also observed, as in the sub-daily results, that for KOSC and STRG stations (the biggest PCO differences), the average North, East, Up differences are rather small in comparison to other station.
A calculation of Lomb-Scargle spectrum for daily time series differences was also performed.
Table 10
The strongest periodic signals identified in station position components in daily results. By analyzing daily results, it was visible that for the horizontal components the position offsets induced by the differences between both individual calibrations are below 1 mm. For Up component the differences range from -3 to 5 mm depending on station. It was found that for points with the same type of antenna the difference also significantly differ. These differences in results may be caused by differences visible in type-mean and individual PCC. This could mean that not all the antennas of the same type can necessarily be represented confidently by a unique type-mean calibration. However, the differences may be also caused by the impact of the so-called near-field effect which can be different for different antenna localization. This issue requires further study.
The calculated Lomb-Scargle spectrum revealed that there is some "weak" periodicity. Considering only the frequencies where power exceeds 14, one can notice that the periodic signals at frequencies are about 2, 3 and 4 cpy.
To find all origins of the discovered periodicities further analysis is needed. Such analysis will require greater number of points and longer periods of observation. 10 < power < 14 -might be real, worth investigating more, 14 < power < 20 -most likely real, power > 20-30 -definitely real, it is visible (Table 10) that some "weak" periodicity is found there.
Considering only the frequencies where power exceeds 14, one can observe the periodic signals at frequencies about 2, 3 and 4 cpy. Similar results were observed in Sidorov and Teferle (2013) where GPSonly observations were analyzed.
CONCLUSIONS
In the paper, the authors compared station positions estimated with type-mean and individual antenna calibration models. Position offsets were derived using eight selected ASG-EUPOS stations data set from December 2013 to November 2014, where five different antenna types were mounted. The influence of switching between these models was investigated using GLONASS-only observations. Post-processing was done using PPP technique in daily observation mode and in pseudo-kinematic mode (15 minutes session).
The analysis of the differences between typemean and individual PCC for chosen stations were performed. Generally, differences between type-mean and individual calibration tables for all antennas were observed. These differences can be treated as inaccuracies in type-mean PCC. The authors analyzed how these differences influence the position time series.
In pseudo-kinematic mode, one can see rapid changes of the obtained North, East and Up differences within short time periods, which is close to 8 hours. The three cycles per day period may be associated with three orbital planes in GLONASS.
The authors also observed that the position offsets in the height component are plainly bigger than for horizontal components and for some stations, they reach up to 10 mm.
In average differences the authors observed that the size of the obtained variations for the same antenna type differ, which may be related to the size
